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mination by phase difference detection 1s disclosed. The first
lines where the 1mage generation pixels are arranged 1n a
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phase difference detection pixels constituting the second line
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IMAGING DEVICE AND IMAGING
APPARATUS FOR PERFORMING FOCUS
ALIGNMENT

BACKGROUND

The present disclosure relates to an 1maging device, and
more particularly, to an imaging device and an 1maging appa-
ratus capable of performing phase difference detection and
image capturing.

Recently, an imaging apparatus such as a digital still cam-
era which generates a captured image by capturing an image
ol a subject such as a person and records the generated cap-
tured image has become widespread. In addition, as the imag-
ing apparatus, an imaging apparatus having an auto focus
(AF) function of automatically performing focus (focal point)
adjustment at the time of image capturing in order to simplity
user’s photographing manipulation has become widespread.

As the 1maging apparatus, for example, an 1maging appa-
ratus having an 1maging device where pixels (phase differ-
ence detection pixels) for the phase difference detection (1o-
cus detection) and pixels (1mage generation pixels) for
captured 1mage generation are arranged 1n a Zigzag pattern 1s
disclosed (for example, refer to Japanese Unexamined Patent
Application Publication No. 2010-220192).

In the imaging device included 1n the 1imaging apparatus,
the rows where the phase difference detection pixels are
arranged and the rows where the image generation pixels are
arranged are alternately arranged, and the phase difference
detection pixels and the image generation pixels are arranged
so as to be shifted from each other by approximately half a
pixel. In the 1maging apparatus, a pair of 1mages are formed
by pupil-splitting light transmitting an 1imaging lens by using,
a pair ol the phase difference detection pixels, an interval
between the formed images 1s measured (phase difference
detection); and focus 1s aligned by adjusting the position of
the 1imaging lens based on the measured mterval (focus
adjustment).

In addition, in the 1maging device, a pair of the phase
difference detection pixels which detect a row direction phase
difference are alternately arranged 1n two adjacent rows, and
a pair of the phase difference detection pixels which detect a
column direction phase difference are arranged in two rows of
the phase difference detection pixel rows. In other words, in
the 1imaging device, 1n the rows where the phase difference
detection pixels are arranged, the phase diflerence detection
pixels which detect the row direction phase difference and the
phase difference detection pixels which detect the column
direction phase difference are alternately arranged.

SUMMARY

[l

In the atorementioned related art, the phase difference
detection pixel rows and the image generation pixel rows are
alternately arranged, and the phase difference detection pix-
¢ls and the 1mage generation pixels are arranged so as to be
shifted from each other by approximately half a pixel. There-
fore, although 1mage signals of the phase difference detection
pixels are not calculated by an interpolation process, the
captured 1image may be generated.

In addition, in the aforementioned related art, the row
direction phase difference and the column direction phase
difference may be detected. Therefore, the direction (row
direction or column direction) of the phase difference detec-
tion suitable for a focus alignment target object may be used,
so that 1t 1s possible to improve accuracy of the phase differ-
ence detection.
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However, in the alforementioned related art, a pair of the
phase difference detection pixels which detect the column
direction phase difference are arranged in the two rows of the
phase ditference detection pixel rows. Therefore, 1n order to
read data from the column direction phase difference detec-
tion pixels, 1t 1s necessary to perform reading of two rows per
pair of phase difference detection pixels. In addition, the data
reading direction from the pixels 1n the imaging device 1s
generally one direction (row direction). Therefore, 1n the case
of detecting the column direction phase difference, 1t 1s nec-
essary to perform reading of the rows of which the number 1s
twice the number of the phase difference detection pixels
constituting a pair in order to form a pair of the images. In
other words, 1n the case of performing the column direction
phase difference detection (the case where there are a large
number of to-be-read rows), the number of to-be-read rows 1s
large, and a great deal of time 1s taken to read data from the
imaging device.

It 1s desirable to improve a reading speed relating to a
column direction phase difference detection process in an
imaging device having image generation pixels and phase
difference detection pixels.

According to the first embodiment of the present disclo-
sure, there 1s provided an imaging device including: a plural-
ity ol 1mage generation pixels which generate signals for
generating an 1mage; and a plurality of phase difference
detection pixels which generate signals for performing focus
alignment determination by phase difference detection,
wherein first lines where the image generation pixels consti-
tuting the plurality of the 1mage generation pixels are config-
ured to be arranged 1n a specific direction and second lines
where the phase difference detection pixels constituting the
plurality of the phase difference detection pixels are config-
ured to be arranged in the specific direction are alternately
arranged 1n a perpendicular direction perpendicular to the
specific direction, the image generation pixels and the phase
difference detection pixels are alternately arranged so that the
image generation pixels constituting the first line and the
phase difference detection pixels constituting the second line
adjacent to the first line overlap each other by portions thereof
in the perpendicular direction, and the second lines are con-
structed with third lines where the phase ditfference detection
pixels where pupil splitting 1s performed 1n the specific direc-
tion are arranged as specific direction phase difference detec-
tion pixels and fourth lines where the phase difference detec-
tion pixels where pupil spliting i1s performed in the
perpendicular direction are arranged as perpendicular direc-
tion phase difference detection pixels, and the third lines and
the fourth lines are alternately arranged in the perpendicular
direction. By doing so, 1t 1s possible to obtain a function 1n
that, 1n the 1imaging device, the 1image generation pixel rows
and the phase difference detection pixel rows are alternately
arranged, the 1mage generation pixels and the phase differ-
ence detection pixels adjacent thereto are alternately arranged
so as to overlap each other by portions thereof, and 1n the
phase difference detection pixel rows, the rows where the
specific direction phase difference detection pixels where
pupil splitting 1s performed in the specific direction are
arranged and the rows where the perpendicular direction
phase difference detection pixels where pupil splitting 1s per-
formed 1n the perpendicular direction are arranged are alter-
nately arranged.

In addition, 1n the first embodiment, in the first line, the
image generation pixels constituting the first line and the
phase difference detection pixels constituting the second line
adjacent to the first line may be alternately arranged 1n the
perpendicular direction so as to overlap each other by
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approximately half a pixel. By doing so, it 1s possible to
obtain a function in that the image generation pixels and the
phase difference detection pixels are alternately arranged so
as to overlap each other by approximately half a pixel.

In addition, 1n the first embodiment, the 1mage generation
pixels and the phase difference detection pixels may be
arranged 1n a tilted pixel arrangement. By doing so, it is
possible to obtain a function in that the 1mage generation
pixels and the phase difference detection pixels are arranged
in a tilted pixel arrangement.

In addition, 1n the first embodiment, the specific direction
may be a reading direction in the case where the signals
generated by the phase difference detection pixels and the
image generation pixels are read from the phase difference
detection pixels and the image generation pixels. By doing so,
it 1s possible to obtain a function 1n that the first lines which
are configured by arranging the image generation pixels 1n the
reading direction and the second lines which are configured
by arranging the phase difference detection pixels in the read-
ing direction are alternately arranged.

In addition, 1n the first embodiment, in the third line, a pair
of the specific direction phase difference detection pixels
which receive a pair of the subject light beams pupil-split in
the specific direction may be arranged 1n the specific direction
to be adjacent to each other; the pair of the specific direction
phase difference detection pixels arranged to be adjacent to
cach other may be repetitively arranged in the specific direc-
tion; and 1n the fourth line, a pair of the perpendicular direc-
tion phase difference detection pixels which receive a pair of
the subject light beams pupil-split 1n the perpendicular direc-
tion may be arranged in the specific direction to be adjacent to
cach other. By doing so, 1t 1s possible to obtain a function 1n
that, 1in the thard line, a pair of the specific direction phase
difference detection pixels which recerve a pair of the subject
light beams pupil-split in the specific direction are arranged 1n
the specific direction to be adjacent to each other, a pair of the
specific direction phase diflerence detection pixels arranged
to be adjacent to each other are repetitively arranged in the
specific direction, and 1n the fourth line, a pair of the perpen-
dicular direction phase difference detection pixels which
receive a pair of the subject light beams pupil-split 1n the
perpendicular direction are arranged in the specific direction
to be adjacent to each other.

In addition, 1n the first embodiment, the specific direction
may be a reading direction in the case where the signals
generated by the specific direction phase difference detection
pixels and the signals generated by the image generatlen
pixels are read from the speelﬁe direction phase difference
detection pixels and the image generation pixels; and the
perpendicular direction may be a reading direction in the case
where the signals generated by the perpendicular direction
phase difference detection pixels are read from the perpen-
dicular direction phase difference detection pixels. By doing
so, 1t 1s possible to obtain a function 1n that, the signals
generated by the specific direction phase difference detection
pixels and the image generation pixels are sequentially read in
the specific direction 1n the order of the arrangement, and the
signals generated by the perpendicular direction phase differ-
ence detection pixels are sequentially read in the perpendicu-
lar direction 1n the order of the arrangement.

In addition, 1n the first embodiment, in the third line, a pair
of the specific direction phase difference detection pixels
which receive a pair of the subject light beams pupil-split in
the specific direction may be arranged 1n the specific direction
to be adjacent to each other, and a pair of the specific direction
phase difference detection pixels may be repetitively

arranged interposing a first pixel which 1s not used for the
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4

specific direction phase difference detection; and 1n the fourth

line, the perpendicular direction phase difference detection
pixels may be arranged at the positions perpendicular to the
position where the first pixel 1s arranged, and the second
pixels which are not used for the perpendicular direction
phase difference detection may be arranged at the positions
other than the positions perpendicular to the position where
the first pixel 1s arranged. By doing so, 1t 1s possible to obtain
a function in that the specific direction phase difference detec-
tion pixels are arranged in one row, and the perpendicular
direction phase difference detection pixels are arranged 1n
one column.

In addition, in the first embodiment, the third lines may be
constructed with the lines where the specific direction phase
difference detection pixels are arranged 1n one row; the fourth
lines may be constructed with the lines where the perpendicu-

* it il

lar direction phase difference detection pixels are arranged 1n
two rows; and 1n the fourth lines of the two rows, a pair of the
perpendicular direction phase difference detection pixels
which receive a pair of the subject light beams pupil-split in
the perpendicular direction are arranged 1n the perpendicular
direction to be adjacent to each other. By doing so, 1t 1s
possible to obtain a function in that the specific direction
phase difference detection pixels are arranged in one row, the
perpendicular direction phase difference detection pixels are
arranged 1n one column, and the interval between a pair of the
phase difference detection pixels of the specific direction
phase difference detection pixels and the interval between a
pair of the phase difference detection pixels of the perpen-
dicular direction phase difference detection pixels become
the same.

In addition, in the first embodiment, the imaging device
may further include: first signal lines which are intercon-
nected 1n the perpendicular direction at the positions where
the specific direction phase difference detection pixels and
the 1mage generation pixels are arranged 1n order to sequen-
tially transmit the signals generated by the specific direction
phase difference detection pixels and the image generation
pixels and which are connected to the specific direction phase
difference detection pixels and the image generation pixels;
first selection lines which are interconnected 1n the specific
direction to the rows constituting the first lines and the rows
constituting the third lines in order to select the rows which
sequentially transmit the signals generated by the specific
direction phase difference detection pixels and the image
generation pixels and which are connected to the specific
direction phase difference detection pixels and the image
generation pixels; second signal lines which are intercon-
nected 1n the specific direction to the rows constituting the
fourth lines 1n order to sequentially transmit the signals gen-
erated by the perpendicular direction phase difference detec-
tion pixels and which are connected to the perpendicular
direction phase difference detection pixels; and second selec-
tion lines which are interconnected in the perpendicular
direction at the positions where the perpendicular direction
phase difference detection pixels are arranged in order to
select the perpendicular direction position where the signals
generated by the perpendicular direction phase difference
detection pixels are sequentially transmaitted and which are
connected to the perpendicular direction phase difference
detection pixels. By doing so, 1t 1s possible to obtain a func-
tion 1n that, the first signal lines and the first selection lines are
connected to the specific direction phase difference detection
pixels and the image generation pixels, and second signal
lines and the second selection lines are connected to the

perpendicular direction phase difference detection pixels.
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In addition, in the first embodiment, the imaging device
may further include: a first driving unit which drives the
specific direction phase difference detection pixels and the
image generation pixels through the first selection lines; a first
signal processing unit which performs a signal process on the
signals generated by the speuﬁc direction phase difference
detection pixels and the image generation pixels supplied
through the first signal lines; a second driving unit which
drives the perpendicular direction phase difference detection
pixels through the second selection lines; and a second si1gnal
processing umt which performs a signal process on the sig-
nals generated by the perpendicular direction phase differ-
ence detection pixels supplied through the second signal
lines. By doing so, 1t 1s possible to obtain a function in that the
signals are read from the specific direction phase difference
detection pixels and the image generation pixels by the first
driving unit and the first signal processing unit, and the sig-
nals are read from the perpendicular direction phase differ-
ence detection pixels by the second driving unit and the
second signal processing unit.

In addition, according to a second embodiment of the
present disclosure, there 1s provided an imaging device
including: a pixel array umit including a plurality of image
generation pixels which generate signals for generating an
image and a plurality of phase difference detection pixels
which generate signals for performing focus alignment deter-
mination by phase difference detection, wherein first lines
which are configured by arranging a portion of the image
generation pixels among the plurality of the image generation
pixels 1 a specific direction and second lines which are
configured by arranging a portion of the phase difference
detection pixels among the plurality of the phase difference
detection pixels i the specific direction are alternately
arranged 1n a perpendicular direction perpendicular to the
specific direction, and the 1mage generation pixels and the
phase difference detection pixels are alternately arranged so
that the image generation pixels constituting the first line and
the phase difference detection pixels constituting the second
line adjacent to the first line overlap each other by portions
thereot in the perpendicular direction; first signal lines which
are interconnected 1n the perpendicular direction perpendicu-
lar to the specific direction at the positions where specific
direction phase difference detection pixels and the image
generation pixels arranged 1n order to sequentially transmuit
the signals generated by the plurality of the image generation
pixels and the specific direction phase difference detection
pixels where pupil splitting 1s performed 1n the specific direc-
tion among the plurality of the phase difference detection
pixels and which are connected to the image generation pixels
and the specific direction phase difference detection pixels;
first selection lines which are interconnected in the specific
direction to the lines where the specific direction phase dii-
terence detection pixels are arranged among the first lines and
the second lines 1n order to select the lines which sequentially
transmit the signals generated by the specific direction phase
difference detection pixels and the image generation pixels
and which are connected to the specific direction phase dii-
ference detection pixels and the 1mage generation pixels;
second signal lines which are interconnected 1n the specific
direction to the lines where the perpendicular direction phase
difference detection pixels are arranged among the second
lines 1n order to sequentially transmit the signals generated by
the perpendicular direction phase difference detection pixels
where pupil splitting 1s performed in the perpendicular direc-
tion among the plurality of the phase difference detection
pixels and which are connected to the perpendicular direction

phase difference detection pixels; second selection lines
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which are interconnected in the perpendicular direction at the
positions where the perpendicular direction phase difference
detection pixels are arranged in order to select the perpen-
dicular direction positions which sequentially transmit the
signals generated by the perpendicular direction phase differ-
ence detection pixels and which are connected to the perpen-
dicular direction phase difference detection pixels; a first
driving unit which drives the specific direction phase differ-
ence detection pixels and the image generation pixels through
the first selection lines; a first signal processing unit which
performs a signal process on the signals generated by the
specific direction phase difference detection pixels and the
image generation pixels supplied through the first signal
lines; a second driving unit which drives the perpendicular
direction phase difference detection pixels through the sec-
ond selection lines; and a second signal processing unit which
performs a signal process on the signals generated by the
perpendicular direction phase difference detection pixels
supplied through the second signal lines. By doing so, 1t 1s
possible to obtain a function 1n that the signals are read from
the specific direction phase difference detection pixels and
the 1image generation pixels by the first driving unit and the
first signal processing unit, and the signals are read from the
perpendicular direction phase difference detection pixels by
the second driving unit and the second signal processing unit.

In addition, according to a third embodiment of the present
disclosure, there 1s provided an 1imaging apparatus including:
an 1maging device including a plurality of 1mage generation
pixels which generate signals for generating an 1mage and a
plurality of phase difference detection pixels which generate
signals for performing focus alignment determination by
phase difference detection, wherein first lines where the
image generation pixels constituting the plurality of the
image generation pixels are configured to be arranged 1n a
specific direction and second lines where the phase difference
detection pixels constituting the plurality of the phase differ-
ence detection pixels are configured to be arranged 1n the
specific direction are alternately arranged in a perpendicular
direction perpendicular to the specific direction, the image
generation pixels and the phase difference detection pixels
are alternately arranged so that the image generation pixels
constituting the first line and the phase difference detection
pixels constituting the second line adjacent to the first line
overlap each other by portions thereof 1n the perpendicular
direction, and the second lines are constructed with third lines
where the phase diflerence detection pixels where pupil split-
ting 1s performed 1n the specific direction are arranged as
specific direction phase difference detection pixels and fourth
lines where the phase difference detection pixels where pupil
splitting 1s performed in the perpendicular direction are
arranged as perpendicular direction phase difference detec-
tion pixels, and the third lines and the fourth lines are alter-
nately arranged in the perpendicular direction; a focus align-
ment determination umt which performs focus alignment
determination by phase difference detection based on the
signals generated by the phase difference detection pixels;
and an 1image generation unit which generates an image based
on the signals generated by the 1mage generation pixels. By
doing so, 1t 1s possible to obtain a function 1n that the focus
alignment determination 1s performed by using the imaging
device where the 1image generation pixel rows and the phase
difference detection pixel rows are alternately arranged; the
image generation pixels and the adjacent phase difference
detection pixels are alternately arranged so as to overlap each
other by portions thereof; and in the phase difference detec-
tion pixel rows, the rows where the specific direction phase
difference detection pixels where pupil splitting 1s performed
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in the specific direction are arranged and the rows where the
perpendicular direction phase difference detection pixels
where pupil splitting 1s performed in the perpendicular direc-
tion are arranged are alternately arranged.

According to the present disclosure, 1n an 1maging device
having 1mage generation pixels and phase difference detec-
tion pixels, it 1s possible to obtain an excellent effect in that 1t
1s possible improve a reading speed relating to a column
direction phase difference detection process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating an example of a
functional configuration of an 1imaging apparatus according
to a first embodiment of the present disclosure;

FIG. 2 1s a schematic cross-sectional diagram 1llustrating
an example of a cross-sectional configuration of the imaging
apparatus according to the first embodiment of the present
disclosure:

FI1G. 3 1s a schematic diagram 1llustrating an example of an
arrangement of pixels included 1n an 1mage sensor according
to the first embodiment of the present disclosure;

FIGS. 4A and 4B are top diagrams separately 1llustrating,
an arrangement of 1mage generation pixels and an arrange-
ment of phase difference detection pixels 1in an area of the
image sensor according to the first embodiment of the present
disclosure:

FIGS. 5A and 5B are schematic diagrams illustrating an
example of intervals of the phase difference detection pixels
in the 1image sensor according to the first embodiment of the
present disclosure;

FIG. 6 1s a schematic diagram 1illustrating a data reading
time of the image sensor according to the first embodiment of
the present disclosure;

FI1G. 7 1s a block diagram 1llustrating an example of a basic
configuration of an image sensor according to a second
embodiment of the present disclosure;

FIG. 8 1s a schematic diagram 1llustrating an example of an
arrangement of pixels included in the 1image sensor according
to the second embodiment of the present disclosure;

FIG. 9 1s a schematic diagram illustrating an example of
selection lines and signal lines which are disposed to each of
the pixels 1 the image sensor according to the second
embodiment of the present disclosure;

FI1G. 10A 1s a timing chart illustrating an example of opera-
tions when detecting a column direction phase difference and
performing focusing 1n the second embodiment of the present
disclosure:

FI1G. 10B 1s a timing chart illustrating an example of opera-
tions when performing the same operation by using the image
sensor described at a time T1 of FIG. 6; and

FIG. 11 1s a schematic diagram 1llustrating an example of a
case where a shape of an 1mage 1s octagon as a modified
example of the second embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments (hereinafter, referred to as
embodiments) for embodying the present disclosure will be
described. The description 1s made 1n the following order.

1. First Embodiment (Imaging Control: Example where
row direction phase difference detection pixel rows and col-
umn direction phase diflerence detection pixel rows are alter-
nately disposed 1n phase difference detection pixel rows)

2. Second Embodiment (Imaging Control: Example where
column direction phase difference detection pixels are read 1n
column direction)
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3. Modified Example
<1. First Embodiment>
|[Example Of Functional Configuration Of Imaging Appara-
tus|

FIG. 1 1s a block diagram illustrating an example of a
functional configuration of an imaging apparatus 100 accord-
ing to the first embodiment of the present disclosure. The
imaging apparatus 100 i1s an imaging apparatus which images
a subject to generate 1mage data (a captured image) and
records the generated 1mage data as an image content (a still
picture content or a moving picture content). In addition,
hereinafter, an example where the still picture content (still
picture file) 1s recorded as the 1image content (image file) 1s
mainly disclosed.

The 1imaging apparatus 100 includes a lens unmit 110, a
mamipulation receiving unit 120, a controller 130, an 1image
sensor 200, a signal processing unit 150, a storage umt 181, a
display unit 182, a focus alignment determination unit 183,
and a driving unit 184.

The lens unit 110 collects light (subject light) from the
subject. The lens unit 110 includes a zoom lens 111, a dia-
phragm 112, and a focus lens 113.

The zoom lens 111 adjusts a magnification ratio of the
subject included 1n the captured image by changing a focal
length by moving 1n the optical axis direction through driving
of the driving unit 184.

The diaphragm 112 1s a covering member for adjusting a
light amount of the subject light incident on the 1image sensor
200 by changing a degree of opening through driving of the
driving unit 184.

The focus lens 113 adjusts focus by moving in the optical
axis direction through driving of the driving unit 184.

The manipulation receiving unit 120 recerves manipulation
from a user. For example, 1n the case where a shutter button
121 (illustrated in FI1G. 2) 1s pushed, the manipulation recerv-
ing unit 120 supplies a signal relating to the pushing as a
mampulation signal to the controller 130.

The controller 130 controls operation of each component
of the imaging apparatus 100. For example, 1n the case where
the shutter button 121 1s pushed and a manipulation signal for
starting recording of a still image 1s recetved, the controller
130 supplies a signal (still image capturing operation signal )
relating to still image recording execution to the signal pro-
cessing unit 150. In addition, 1n the case where a live view 1s
to be displayed on the display unmit 182, the controller 130
supplies a signal (the live view display signal) for generating
a live view 1mage based on signals output from the image
sensor 200 to the signal processing unit 150. Herein, the live
view 1s a real-time display of a subject image incident on the
imaging apparatus 100. In addition, in the case where the
focus alignment determination 1s to be performed 1n a phase
difference detection method, the controller 130 supplies a
signal (phase difference detection operation signal) indicat-
ing an operation (phase difference detection operation) of
performing the focus alignment determination to the signal
processing unit 150. Herein, the phase difference detection
method 1s a focus detection method of detecting a degree of
focus alignment by performing pupil-splitting on light trans-
mitting through the imaging lens to form a pair of the 1images
and measuring an interval (a shift amount between the
images) between the formed 1images (performing phase dii-
ference detection).

The image sensor 200 1s an 1maging device which photo-
clectrically converts the recerved subject light to an electrical
signal. The image sensor 200 1s constructed with, for
example, a CMOS (Complementary Metal Oxide Semicon-
ductor) sensor, a CCD (Charge Coupled Device) sensor, or
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the like. In the 1image sensor 200, disposed are pixels (image
generation pixels) which generate signals for generating the
captured 1image based on the recerved subject light and pixels
(phase difference detection pixels) which generate signals for
performing the phase difference detection. In addition, the
image sensor 200 will be described with reference to FIG. 3 to
FIG. 6. The image sensor 200 supplies the electrical signals
generated through the photoelectric conversion to the signal
processing unit 150. In addition, the image sensor 200 1s an
example of the imaging device disclosed 1n the embodiments
of the present disclosure.

The signal processing unit 150 applies various signal pro-
cesses to the electrical signals supplied from the image sensor
200. For example, 1in the case where the still image capturing
operation signal 1s supplied from the controller 130, the signal
processing unit 150 generates data (still image data) of the
still image. Next, the signal processing unit 150 supplies the
generated image data to the storage unit 181 to store the image
data 1n the storage unit 181. In addition, 1n the case where the
phase difference detection operation 51gnal 1s supplied from
the controller 130, the signal processing unit 150 generates
data (phase difference detection data) for detecting the phase
difference based on output signals of the phase difference
detection pixels in the image sensor 200. Next, the signal
processing unit 150 supplies the generated phase difference
detection data to the focus alignment determination unit 183.

In addition, in the case where the live view display signal 1s
supplied from the controller 130, the signal processing unit
150 generates data (live view 1image data) of the live view
image based on the output signals of the image generation
pixels i the image sensor 200. Next, the signal processing
unit 150 supplies the generated live view 1image data to the
display unit 182 to display the live view on a display screen of
the display umt 182. In addition, the signal processing unit
150 1s an example of the 1mage generation unit disclosed 1n
the embodiments of the present disclosure.

The storage unit 181 records the image data supplied from
the signal processing unit 150 as the image content (1mage
file). A removable recording medium (one medium or a plu-
rality of recording media), for example, a disc such as a DVD
(Digital Versatile Disc), a semiconductor memory such as a
memory card, or the like may be used as the storage unit 181.
In addition, the recording medium may be built in the imaging
apparatus 100, or the recording medium may be detachably
installed 1n the 1maging apparatus 100.

The display unit 182 displays the image based on the image
data supplied from the signal processing unit 150. The display
unit 182 1s constructed with, for example, a color liquid
crystal panel. For example, 1n the case where the live view
image data 1s supplied from the signal processing unit 150,
the display umit 182 displays the live view image on the
display screen.

The focus alignment determination unit 183 determines
whether or not focus 1s aligned with an object (focus align-
ment target object) as a focus alignment target based on the
phase difference detection data supplied from the signal pro-
cessing unit 150. In the case where focus 1s aligned with the
object (focus alignment target object) 1n an area (focus area)
where focusing 1s performed, the focus alignment determina-
tion unit 183 supplies information indicating that focus 1s
aligned as focus alignment determination result information
to the driving unit 184. In addition, 1n the case where focus 1s
not aligned with the focus alignment target object, the focus
alignment determination unit 183 calculates a focus shiit
amount (defocus amount) and supplies information indicat-
ing the calculated defocus amount as focus alignment deter-
mination result information to the driving unit 184.
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The driving unit 184 drives the zoom lens 111, the dia-
phragm 112, and the focus lens 113. For example, the driving
unmit 184 calculates a driving amount of the focus lens 113
based on the focus alignment determination result informa-
tion output from the focus alignment determination unit 183
and moves the focus lens 113 according to the calculated
driving amount. In the case where focus 1s aligned, the driving
unit 184 maintains the current position of the focus lens 113.
In addition, in the case where focus 1s not aligned, the driving
unit 184 calculates a driving amount (moving distance) based
on the focus alignment determination result information indi-
cating the defocus amount and information on the position of
the focus lens 113 and moves the focus lens 113 according to
the driving amount.
|[Example of Cross-Sectional Configuration of Imaging
Apparatus|

FIG. 2 1s a schematic cross-sectional diagram illustrating
an example of a cross-sectional configuration of the imaging
apparatus 100 according to the first embodiment of the
present disclosure. In addition, 1n FIG. 2, the imaging appa-
ratus 100 1s 1llustrated to be assumed as a single lens camera.

FIG. 2 1llustrates a body 101 and an interchangeable lens
105 as a cross-sectional diagram of the imaging apparatus
100. The interchangeable lens 105 1s a detachable lens unit of
the 1imaging apparatus 100 and corresponds to the lens unit
110 illustrated 1n FIG. 1. The body 101 1s a main body which
performs an 1maging process of the imaging apparatus 100
and corresponds to the configuration excluding the lens unit
110 1llustrated 1n FIG. 1. The shutter button 121, the display
unit 182, and the image sensor 200 are illustrated 1n the body
101.

In addition, FIG. 2 illustrates an optical axis (optical axis
[.12) of the lens included in the lens unit 110 and two lines
(lines L11 and .13 ) indicating a range where the subject light
transmits. In addition, the range interposed by the line LL11
and the line .13 indicates a range where the light incident on
the 1mage sensor 200 transmits.

As 1llustrated 1n FIG. 2, 1n the imaging apparatus 100, all of
the incident subject light 1s incident on the 1image sensor 200.
In other words, 1n the case where the phase difference detec-
tion 1s performed in the imaging apparatus 100, the phase
difference detection 1s performed by using the signals gener-
ated by the image sensor 200.
|[Example of Arrangement of Pixels in Image Sensor]

FIG. 3 1s a schematic diagram illustrating an example of
arrangement ol pixels included in the image sensor 200
according to the first embodiment of the present disclosure.

In FIG. 3, the description 1s made under the assumption of
X andY axes that the up-down direction 1s setas theY axis and
the lett-right direction 1s set as the X axis. In addition, 1n FIG.
3, the lower leit corner 1s set as the origin of the X and Y axes;
the direction from the bottom toward the top 1s set as the + side
of the Y axis; and the direction from the left toward the right
1s set as the + side of the X axis. In addition, in FIG. 3, a
specific direction (a direction corresponding to the horizontal
direction (left-right direction) of the captured image) of the
image sensor 200 1s set as the X axis direction; and the
perpendicular direction (a direction corresponding to the ver-
tical direction (up-down direction) of the captured image)
perpendicular to the specific direction 1s set as the Y axis
direction. In addition, the signal reading direction of the
image sensor 200 1s set to the X axis direction (the reading 1s
performed 1n units of rows).

In FIG. 3, for the convenience of description, the descrip-
tion 1s made by using an area (area 210) including a portion of
pixels (pixels of 20 rowsx20 columns) among the pixels
constituting the 1image sensor 200. In addition, the arrange-
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ment of the pixels 1n the image sensor 200 1s an arrangement
where the pixel arrangement 1llustrated 1n the area 210 1s set
as one unit and the pixel arrangements (the pixel arrangement
corresponding the area 210) corresponding to the units are
repetitively disposed 1n the X axis direction and the Y axis
direction.

In FIG. 3, one pixel (a shape of an opening) 1s illustrated as
one square (diamond shape) having a shape which 1s rotated
by 45° with respect to the X axis direction. In addition, the
image generation pixels are illustrated together with the sym-
bols (R (red), G (green), and B (blue)) indicating color filters
which may be provided. In addition, with respect to the pixels
(G pixels) provided with the G color filters, the G pixels
arranged 1n the rows including the R (red) pixels are indicated
by the Gr pixels; and the G pixels arranged in the rows
including the B (blue) pixels are indicated by the Gb pixels.

In addition, the phase difference detection pixels are indi-
cated by gray diamond shapes with white rectangles added
thereto. In addition, the white rectangle 1n the phase differ-
ence detection pixel indicates the side (the side where an
opening portion exists 1 a light blocking layer) where the
incident light 1s not blocked by the light blocking layer but
received by the light receiving device). Herein, the phase
difference detection pixels (the phase difference detection
pixels 231 to 234) 1llustrated 1n FIG. 3 will be described.

The phase difference detection pixel 231 1s a phase ditter-
ence detection pixel where the light blocking layer 1s formed
so as to block the subject light passing through the right half
portion of the exit pupil among the subject light incident on a
microlens of the phase difference detection pixel 231. In other
words, the phase difference detection pixel 231 blocks the
light of the right half portion among the light which 1s pupil-
split 1n the left and right portions (the + and - sides of the X
axis direction) of the exit pupil and receives the pupil-split
light of the lett half portion.

The phase difference detection pixel 232 1s a phase differ-
ence detection pixel where the light blocking layer 1s formed
so as to block the subject light passing through the left half
portion of the exit pupil among the subject light incident on
the microlens of the phase difference detection pixel 232. In
other words, the phase difference detection pixel 232 blocks
the light of the left half portion among the light which 1s
pupil-split in the left and right portions (the + and — sides of
the X axis direction) of the exit pupil and recerves the pupil-
split light of the right half portion. In addition, the phase
difference detection pixel 232 and the phase difference detec-
tion pixel 231 are used as a pair, so that a pair of the images 1s
tformed. In addition, the phase difference detection pixels 231
and the phase difference detection pixels 232 are examples of
the specific direction phase difference detection pixels dis-
closed in the embodiments of the present disclosure.

The phase difference detection pixel 233 1s a phase differ-
ence detection pixel where the light blocking layer 1s formed
so as to block the subject light passing through the lower halt
portion of the exit pupil among the subject light incident on
the microlens of the phase difference detection pixel 233. In
other words, the phase difference detection pixel 233 blocks
the light of the lower half portion among the light which 1s
pupil-split 1n the upper and lower portions (the + and — sides
of the Y axis direction) of the exit pupil and receives the
pupil-split light of the upper half portion.

The phase difference detection pixel 234 1s a phase differ-
ence detection pixel where the light blocking layer 1s formed
so as to block the subject light passing through the upper halt
portion of the exit pupil among the subject light incident on
the microlens of the phase difference detection pixel 234. In
other words, the phase difference detection pixel 234 blocks
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the light of the upper half portion among the light which 1s
pupil-split 1n the upper and lower portions (the + and — sides
of the Y axis direction) of the exit pupil and recerves the
pupil-split light of the lower half portion. In addition, the
phase difference detection pixel 234 and the phase difference
detection pixel 233 are used as a pair, so that a pair of the
images 1s formed. In addition, the phase difference detection
pixels 233 and the phase difference detection pixels 234 are
examples of the perpendicular direction phase difference
detection pixels disclosed 1n the embodiments of the present
disclosure.

Herein, the arrangement of the pixels in the image sensor
200 1s described.

In the image sensor 200, the image generation pixels and
the phase difference detection pixels are arranged 1n a shape
of a lattice 1n a tilted direction (in the embodiment of the
present disclosure, referred to as a tilted pixel arrangement).
In addition, 1n the image sensor 200, the rows (lines) where
the 1image generation pixels are arranged and the rows (lines)
where the phase difference detection pixels are arranged are
alternately disposed in the direction (in the first embodiment
of the present disclosure, referred to as a column direction)
perpendicular to the reading direction. In other words, as
illustrated 1n FIG. 3, the image generation pixel line, the
phase difference detection pixel line, the 1mage generation
pixel line, the phase difference detection pixel line, . . . are
alternately disposed 1n the Y axis direction. In addition, the
image generation pixels and the phase difference detection
pixels are alternately arranged so as to overlap each other by
a portion thereof (approximately half a pixel). In addition,
since the arrangement of the pixels 1n the 1image sensor 200 1s
a tilted pixel arrangement, with respect to the column direc-
tion (X axis direction), the columns where the 1mage genera-
tion pixels are arranged and the columns where the phase
difference detection pixels are arranged are alternately dis-
posed so that the 1mage generation pixels and the phase dii-
terence detection pixels overlap each other by half a pixel. In
addition, the row where the 1mage generation pixels are
arranged and the row where the phase diflerence detection
pixels are arranged are examples of the first line and the
second line disclosed in the embodiments of the present dis-
closure.

In addition, 1n the image sensor 200, the lines where the
phase difference detection pixels 231 and the phase ditfer-
ence detection pixels 232 are arranged and the lines where the
phase difference detection pixels 233 and the phase differ-
ence detection pixels 234 are arranged are alternately dis-
posed with interposing the image generation pixel rows ther-
cbetween. In other words, with respect to the phase difference
detection pixels, the phase diflerence detection pixels where
pupil splitting 1s performed 1n the same direction (the reading,
direction (left-right direction) or the direction (up-down
direction) perpendicular to the reading direction) are
arranged 1n units of rows. In addition, the line where the phase
difference detection pixels 231 and the phase difference
detection pixels 232 are arranged and the line where the phase
difference detection pixels 233 and the phase difference
detection pixels 234 are arranged are examples of the third
line and the fourth line disclosed in the embodiments of the
present disclosure.

In addition, 1n the lines where the phase difference detec-
tion pixels 231 and the phase difference detection pixels 232
are arranged, a pair of the phase difference detection pixels
are arranged to be adjacent to each other 1n the row direction,
and the pairs of the phase difference detection pixels arranged
to be adjacent to each other are repetitively arranged in the
row direction. In other words, the phase difference detection
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pixel 231 and the phase difference detection pixel 232 are
arranged so as to form a pair of the images which split the exat
pupil into left and right portions by using the phase difference
detection pixels arranged 1n one row. In addition, 1n the image
sensor 200, the phase difference detection pixel 233 and the
phase difference detection pixel 234 are arranged so as to
form a pair of the 1images which split the exit pupil into upper
and lower portions by using the phase difference detection
pixels arranged 1n two columns.

In this manner, in the image sensor 200, the rows where the
image generation pixels are arranged and the rows where the
phase difference detection pixels are arranged are alternately
disposed. By doing so, during the reading of the data from the
image sensor 200, the phase difference detection pixel lines
which are not used for the phase difference detection may be
skipped 1n the reading.

Next, the arrangement of the pixels according to the first
embodiment of the present disclosure 1s described with ret-
erence to FIGS. 4A and 4B by concentrating on the pixels
included 1n an area 220 (8x8 pixels).
|[Example of Arrangement of Pixels in Image Sensor]

FIGS. 4A and 4B are top diagrams separately 1llustrating
the arrangement of the image generation pixels and the
arrangement ol the phase difference detection pixels 1n the
area 220 of the image sensor 200 according to the first
embodiment of the present disclosure. In addition, 1n FIGS.
4A and 4B, the X and Y axes are assumed so that the left-right
direction 1s set as the X axis and the up-down direction 1s set
as the Y axis.

FIG. 4A illustrates a schematic diagram 1llustrating the
arrangement of the image generation pixels in the image
sensor 200. In FIG. 4A, illustrated are the 1mage generation
pixels 1n the area 220 of FIG. 3 together with symbols 1ndi-
cating the color filters, and the phase difference detection
pixels 1n the area are illustrated by broken lines. In FIG. 4 A,
as the 1mage generation pixels, illustrated are the pixels (R
pixels 241) which receive red light by the color filters trans-
mitting the red (R) light and the pixels (B pixels 244) which
receive blue light by the color filters transmitting the blue (B)
light. In addition, as the 1image generation pixels, illustrated
are the pixels (G pixels 242 and 243) which receive green
light by the color filters transmitting the green (G) light.

only the 1image generation pixels excluding the lines where
the phase difference detection pixels are arranged becomes a
Bayer arrangement. In addition, 1n the arrangement of only
the 1mage generation pixels, with respect to the intervals
between the image generation pixels 1n the row direction (X
axis direction) and the column direction (Y axis direction),
the row direction interval and the column direction interval
are equal to each other.

In other words, 1n the image sensor 200, although the phase
difference detection pixels and the 1image generation pixels
are arranged, the distance between the 1image generation pix-
¢ls 1 the row direction and the column direction becomes
uniform, and the arrangement of the 1mage generation pixels
becomes a Bayer arrangement. By doing so, 1t 1s not neces-
sary to supplement the image data corresponding to the posi-
tions of the phase difference detection pixels. In addition,
since there 1s no deficiency in color information due to the
arrangement of the phase difference detection pixels instead
of the image generation pixel, there 1s no problem in that the
accuracy 1n a demosaicing process deteriorates. Therelore, 1t

n the area 220 illustrated i FIG. 4A, the arrangement of
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FIG. 4B 1illustrates a schematic diagram illustrating the
arrangement ol the phase difference detection pixels in the
image sensor 200. In FIG. 4B, 1llustrated are the phase dii-
ference detection pixels 1n the area 220 of FIG. 3, and the
image generation pixels in the area are illustrated by broken
lines.

In the area 220 illustrated 1n FIG. 4B, referring to the
intervals between the phase difference detection pixels 1n the
row direction (X axis direction) and the column direction (Y
axis direction), similarly to the interval between the image
generation pixels illustrated in FIG. 4A, the row direction
interval and the column direction interval become equal to
cach other.

In this manner, 1 the image sensor 200, the rows where the
image generation pixels are arranged and the rows where the
phase difference detection pixels are arranged are alternately
disposed, so that the row direction interval and the column
direction interval between the 1mage generation pixels
become equal to each other. In addition, the row direction
interval and the column direction interval between the phase
difference detection pixels also become equal to each other.
[Example of Intervals between Phase Difference Detection
Pixels]

FIGS. SA and 5B are schematic diagrams illustrating an
example of intervals between the phase difference detection
pixels 1n the 1mage sensor 200 according to the first embodi-
ment of the present disclosure.

In FIG. SA 1llustrated 1s an area (area 313) for 1llustrating
an interval between the phase difference detection pixels
(heremaftter, referred to as row direction phase difference
detection pixels) where pupil splitting 1s performed 1n the row
direction (left-right direction).

In the area 313, 1llustrated 1s an area of pixels of 3 rowsx8
columns where the phase difference detection pixels are
arranged 1n one row as the second row from the top and all the
other pixels are the 1mage generation pixels. In addition, 1n
the area 313, the distances between the row direction phase
difference detection pixels are indicated by the arrows 811 to
814.

As indicated by the arrow 811 and the arrow 812, the
distance between the phase difference detection pixels con-
stituting a pair 1n the row direction phase difference detection
pixels becomes the shortest distance by allowing the phase
difference detection pixels constituting a pair to be adjacent to
cach other in the row direction. In addition, as indicated by the
arrow 813 and the arrow 814, the phase diflerence detection
pixels which recerve the light pupil-split in the same direction
are disposed with interposing one phase difference detection
pixel which receives the light pupil-split 1n the other direc-
tion. In other words, 1n the case of detecting the phase ditier-
ence 1n the row direction, both of the images constituting a
pair are generated from the data of one pixel interval in the
row direction, and the images constituting a pair are shifted
from each other by one pixel 1n the row direction.

In FIG. 5B, illustrated 1s an area (area 314) for 1llustrating,
an interval between the phase difference detection pixels
(hereinafter, referred to as column direction phase difference
detection pixels) where pupil splitting 1s performed 1n the
column direction (up-down direction).

In the area 314, 1llustrated 1s an area of pixels of 9 rowsx3S
columns where the row direction phase difference detection
pixels are arranged in the second and sixth rows from the top,
the column direction phase difference detection pixels are
arranged 1n the fourth and eighth rows, and all the other pixels
are the 1mage generation pixels. In addition, the area 314, the
distances between the column direction phase difference
detection pixels are indicated by the arrows 821 to 824.
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As 1indicated by the arrow 821 and the arrow 822, the
distance between the phase difference detection pixels con-
stituting a pair 1n the column direction phase difference detec-
tion pixels 1s slightly larger than the distances indicated by the
arrow 811 and the arrow 812 by allowing the phase difference
detection pixels constituting a pair to be adjacent to each other
in the row direction. In addition, as illustrated by the arrow
823 and the arrow 824, the phase difference detection pixels
which recerve the light pupil-split 1n the same direction are
disposed with interposing one row direction phase difference
detection pixel. In other words, 1n the case of detecting the
phase difference 1n the column direction, both of the images
constituting a pair are generated from the data of one pixel
interval in the column direction, and the 1images constituting
a pair are shifted from each other by one pixel in the row
direction.

In this manner, 1n the 1mage sensor 200, the images gener-
ated from the phase difference detection pixels where pupil
splitting 1s performed 1n the row direction and the phase
difference detection pixels where pupil splitting 1s performed
in the column direction are generated from one-pixel interval
data, respectively. In addition, the images constituting a pair
are shifted from each other by one pixel in the row direction
or the column direction.

In other words, 1in the 1image sensor 200, despite the exist-
ence of the lines of only the phase difference detection pixels
where pupil splitting 1s performed in the row direction and the
lines of only the phase difference detection pixels where pupil
splitting 1s performed 1n the column direction, the conditions
of the row direction phase difference detection and the con-
ditions of the column direction phase difference detection are
substantially the same.
|[Example of Data Reading Time 1n Image Sensor]

FIG. 6 1s a schematic diagram 1illustrating a data reading
time 1n the image sensor 200 according to the first embodi-
ment of the present disclosure.

In addition, 1n FIG. 6, 1t 1s assumed that the 1mage sensor
200 includes the pixels of 4592 columnsx30356 rows. In other
words, 1t 1s assumed that the 1image generation pixel rows and
the phase difference detection pixel rows are 1528 rows,
respectively. In addition, in FIG. 6, 1n the case where the
phase difference 1s detected 1n the row direction, a pair of the
images 1s configured to be formed by using all the phase
difference detection pixels, where pupil splitting 1s performed
in the row direction, arranged 1n the row used for the phase
difference detection. In addition, 1n the case where the phase
difference 1s detected in the column direction, a pair of the
images 1s configured to be formed by using all the phase
difference detection pixels, where pupil splitting 1s performed
in the column direction, arranged in the column used for the
phase difference detection.

In FIG. 6, 1n a graph where the horizontal axis as the axis
indicating data reading times, illustrated 1s a reading time
(T1) 1n the case of reading data from all the rows 1n the 1mage
sensor having the same number of pixels (4592 columnsx
3056 rows) as that of the image sensor 200. In addition, 1n
FIG. 6, 1llustrated 1s a reading time ('12) 1n the case of reading
data from all the rows where the 1mage generation pixels are
arranged and one row where the phase difference detection
pixels where pupil splitting 1s performed 1n the row direction
are arranged 1n the 1image sensor 200. In addition, 1n FIG. 6,
illustrated 1s a reading time ('13) 1n the case of reading data
from all the rows where the image generation pixels are
arranged and all the rows where the column direction phase
difference detection pixels are arranged 1n the 1mage sensor

200.
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‘erences among the time T1 to the time T3 are

Herein, di
described.

The time T1 indicates the reading time 1n the case where
the data 1s assumed to be read from all the rows in the 1image
sensor of 4592 columnsx30356 rows. As the 1image sensor
performing this reading, for example, assumed 1s an 1mage
sensor where the phase difference detection pixel rows and
the image generation pixel rows are alternately disposed simi-
larly to the 1mage sensor 200 and a pair of the column direc-
tion phase difference detection pixels are arranged 1n two
rows ol the phase difference detection pixel rows. In other
words, in the 1mage sensor, the phase difference detection
pixels which receive the pupil-split light of the upper half
portion or the phase difference detection pixels which receive
the pupil-split light of the lower half portion are disposed 1n
all the phase difference detection pixel rows (1528 rows).

In the 1mage sensor, since the column direction phase dif-
ference detection pixels are arranged 1n all the rows, 1n the
case ol forming a pair of the images by using all the phase
difference detection pixels where pupil splitting 1s performed
in the column direction, which are arranged 1n the columns
used for the phase difference detection, all the phase differ-
ence detection pixel rows are read. In other words, the time T1
denotes a time (a time taken to read 3056 rows) necessary for
the case of detecting the column direction phase difierence in
the 1mage sensor.

The time T2 indicates a reading time in the case of per-
forming the row direction phase difference detection and the
captured 1image generation in the image sensor 200. In the
case of detecting the row direction phase difference, a pair of
the 1images may be generated by using the data of the phase
difference detection pixels 1n at least one row. In other words,
the time 12 denotes a time taken to read data of 1528 rows+1
TOw.

The time T3 indicates a reading time 1n the case of per-
forming the column direction phase difference detection and
the captured 1image generation in the image sensor 200. In the
case of detecting the column direction phase difference, a pair
of the images may be generated by reading data of the pixels
in two columns, where a pair of the phase difference detection
pixels are arranged, from all the rows (764 rows) where the
column direction phase difference detection pixels are
arranged. In other words, the time T3 denotes a time taken to
read data of 1528 rows+764 rows.

In this manner, in the 1mage sensor 200 according to the
first embodiment of the present disclosure, 1t 1s possible to
detect both of the row direction phase difference and the
column direction phase difference, and it 1s possible to
improve the data reading speed 1n the case of detecting the
column direction phase difference.

In this manner, according to the first embodiment of the
present disclosure, the row direction phase difference detec-
tion and the column direction phase difference detection are
performed 1n substantially the same conditions, and the phase
difference detection may be performed at arbitrary positions.
Therefore, it 1s possible to improve the reading speed 1n the
case of detecting the column direction phase difference. In
addition, since the row direction interval and the column
direction interval between the image generation pixels are the
same, 1t 15 possible to improve 1image quality of the captured
image.
<2. Second Embodiment>

In the first embodiment of the present disclosure, described
1s the example where the phase difference detection pixels
where pupil splitting 1s performed 1n the reading direction
(row direction) and the phase difference detection pixels
where pupil splitting 1s performed in the direction (column




US 8,576,315 B2

17

direction) perpendicular to the reading direction are alter-
nately arranged 1n each line 1n the image sensor 200. By doing,
50, 1t 1s possible to improve the data reading speed 1n the case
ol detecting the column direction phase difference.

However, 1n the image sensor 200, since the pixel data are
read 1n units of rows, in comparison with the case of detecting,
the row direction phase difference, the reading time 1n the
case of detecting the column direction phase difference
becomes long. By doing so, in comparison with the frame rate
in the case of detecting the row direction phase difference, the
frame rate 1n the case of detecting the column direction phase
difference becomes low.

Therefore, 1n a second embodiment of the present disclo-
sure, an example where the reading time in the case of detect-
ing the column direction phase difference 1s allowed to be
substantially the same as the time in the case of the row
direction by reading the data of the phase difference detection
pixels detecting the column direction phase difference in
units of columns will be described with reference to FIGS. 7
to 11.
|[Example of Basic Configuration of Image Sensor]

FI1G. 7 1s a block diagram 1llustrating an example of a basic
configuration of an image sensor 500 according to the second
embodiment of the present disclosure. In addition, since the
functional configuration of the imaging apparatus according
to the second embodiment of the present disclosure 1s the
same as the configuration of the 1imaging apparatus 100 1llus-
trated in FIG. 1 except that the image sensor 200 1s replaced
with the image sensor 500, the description thereot 1s omitted
herein.

The 1mage sensor 500 includes a pixel array unit 400, a
controller 510, a first vertical driving circuit 520, a column
processing unit 531, an output butler 532, and a first horizon-
tal driving circuit 535. In addition, the image sensor 500
includes a second horizontal driving circuit 350, a row pro-
cessing unit 360, an output butier 562, and a second vertical
driving circuit 570.

The pixel array unit 400 1s a unit where phase difference
detection pixels (row direction phase difference detection
pixels and column direction phase difference detection pix-
¢ls) and 1image generation pixels are regularly arranged. The

image generation pixels arranged 1n the pixel array unit 400
are connected to vertical selection lines 430 and vertical
signal lines 440. In addition, similarly to the image generation
pixels, the row direction phase difference detection pixels
arranged 1n the pixel array unit 400 are connected to the
vertical selection lines 430 and the vertical signal lines 440.
On the other hand, the column direction phase difference
detection pixels arranged in the pixel array unit 400 are con-
nected to horizontal selection lines 450 and horizontal signal
lines 460. In addition, with respect to the vertical selection
lines 430 and the horizontal selection lines 450, although the
description 1s made under the assumption that one line 1s
connected to one pixel, according to a circuit configuration of
the pixels arranged 1n the pixel array unit 400, a plurality of
lines or a plurality of pixels may be connected.

The controller 510 controls operations of each of the com-
ponents of the image sensor 300 based on signals supplied
from external portions of the image sensor 300. The controller
510 functions as, for example, a timing generator for gener-
ating various timing signals for operating each of the compo-
nents of the image sensor 500. The controller 510 supplies the
generated timing signals of each of the components or control
signals of each of the components to the first vertical driving
circuit 520, the first horizontal driving circuit 533, the column
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processing unit 5331, the second horizontal driving circuit 550,
the row processing unit 560, and the second vertical driving
circuit 570.

The first vertical driving circuit 520 sequentially performs
a selective scan 1n the vertical direction (column direction) 1n
units of rows through the vertical selection line 430 on the
rows where the image generation pixels are arranged and the
rows where the row direction phase diflerence detection pix-
cls are arranged 1n the pixel array unit 400. The first vertical
driving circuit 520 1s constructed with, for example, a shait
register. In addition, the first vertical driving circuit 520 1s an
example of the first driving unit disclosed in the embodiments
of the present disclosure. In addition, the vertical selection
line 430 1s an example of the first selection line disclosed 1n
the embodiments of the present disclosure.

The column processing unit 331 performs various signal
processes on the output analog signal of each of the pixel
columns where the image generation pixels and the row direc-
tion phase difference detection pixels are arranged in the pixel
array unit400. In other words, the column processing unit 531
performs various signal processes on the analog signal output
through the vertical signal line 440 from each of the pixels
(1mage generation pixels and row direction phase difference
detection pixels) in the row selected by the first vertical driv-
ing circuit 520. For example, the column processing unit 531
performs a CDS (Correlated Double Sampling) process for
removing noise, an AD (Analog Digital) conversion process
for converting an analog signal into a digital signal, or the like
as the signal process. The column processing unit 531 sup-
plies the electrical signal which 1s subject to the signal process
through the signal line 538 to the output butier 532. In addi-
tion, the column processing unit 531 1s an example of the first
signal processing unit disclosed in the embodiments of the
present disclosure. In addition, the vertical signal line 440 1s
an example of the first signal line disclosed in the embodi-
ments of the present disclosure.

The output butler 332 amplifies the electrical signal sup-
plied from the column processing unit 531 and outputs the
clectrical signal through the signal line 339 to an external
portion of the image sensor 500.

The first horizontal driving circuit 535 sequentially per-
forms a selective scan on circuit portions for the pixel col-
umuns 1n the column processing unit 531. The first horizontal
driving circuit 535 1s constructed with, for example, a shiit
register, an address decoder, or the like. The first horizontal
driving circuit 535 sequentially performs the a selective scan
on the circuit portions of the column processing unit 331, so
that the first horizontal driving circuit 335 allows the electri-
cal signals, which are subject to the signal process for each of
the pixel columns 1n the column processing unit 531, to be
sequentially output through the signal line 538 to the output
butifer 532.

The second horizontal driving circuit 550 sequentially per-
forms a selective scan 1n the horizontal direction (row direc-
tion) 1n units of columns through the horizontal selection line
450 on the columns where the column direction phase differ-
ence detection pixels are arranged 1n the pixel array unit 400.
Similarly to the first vertical driving circuit 520, the second
horizontal driving circuit 550 1s constructed with, for
example, a shift register. In addition, the second horizontal
driving circuit 550 1s an example of the second driving unit
disclosed 1n the embodiments of the present disclosure. In
addition, the horizontal selection line 450 1s an example of the
second selection line disclosed 1n the embodiments of the
present disclosure.

The row processing unit 560 performs various signal pro-
cesses on the output analog signal of each of the pixel rows
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where the column direction phase difference detection pixels
are arranged 1n the pixel array unit 400. In other words, the
row processing unit 560 performs various signal processes on
the analog signal output through the horizontal signal line 460
from each of the pixels (column direction phase difference
detection pixels) 1 the column selected by the second hori-
zontal driving circuit 5350. In addition, since the row process-
ing unit 560 1s the same as the column processing unit 531
except that the to-be-processed target pixels are different, the
description of the row processing unit 560 1s omitted herein.
The row processing unit 560 supplies the electrical signal,
which 1s subject to the signal process, through the signal line
568 to the output buffer 562. In addition, the row processing
unit 560 1s an example of the second signal processing unit
disclosed 1n the embodiments of the present disclosure. In
addition, the horizontal signal line 460 1s an example of the
second signal line disclosed in the embodiments of the
present disclosure.

The output buller 562 amplifies the electrical signal sup-
plied from the row processing unit 560 and outputs the elec-
trical signal through the signal line 569 to an external portion
of the image sensor 500.

The second vertical driving circuit 570 sequentially per-
forms a selective scan on circuit portions for the pixel rows 1n
the row processing unit 360. Since the second vertical driving,
circuit 570 1s the same as the first horizontal driving circuit
535 except that the to-be-processed target pixels are different,
the description of the second vertical driving circuit S70 1s
omitted herein.

In this manner, the 1image sensor 500 includes a second
horizontal driving circuit 550, a second vertical driving cir-
cuit 370, a row processing unit 560, and an output buffer 562
in order to drive the column direction phase diflerence detec-
tion pixels. In addition, the basic configuration of the image
sensor 200 according to the first embodiment of the present
disclosure 1s the same as the basic configuration 1llustrated 1n
FIG. 7 except that the second horizontal driving circuit 550,
the second vertical driving circuit 570, the row processing,
unit 560, and the output buifer 562 are not included.
|Example of Arrangement of Pixels in Image Sensor]

FIG. 8 1s a schematic diagram 1llustrating an example of the
arrangement of the pixels in the 1mage sensor 500 according
to the second embodiment of the present disclosure. In other
words, FIG. 8 1s a schematic diagram 1llustrating the arrange-
ment of the pixels 1 the pixel array unit 400 illustrated in FIG.

7.

In FIG. 8, with respect to the X and Y axes, the same
description as that of FIG. 3 1s made. In addition, the up,
down, left, and rnight directions of the pixel array unit 400
illustrated in FIG. 7 are the same as those of FIG. 8.

In FIG. 8, for the convenience of description, the descrip-
tion 1s made by using an area (area 410) including a portion of
pixels (pixels of 20 rowsx20 columns) among the pixels
constituting the pixel array unit 400 1n the 1image sensor 500.
In addition, the arrangement of the pixels 1n the pixel array
unit 400 1s an arrangement where the pixel arrangement 1llus-
trated 1n the area 410 1s set as one unit and the pixel arrange-
ments (the pixel arrangements corresponding to the area 410)
corresponding to the units are repetitively disposed in the X
axis direction and the Y axis direction. In addition, since the
arca 410 1s the same as the area 210 illustrated in FIG. 3
except that the arrangement of the pixels 1s different, only the
different points will be described 1n FIG. 8.

In the image sensor 500, 1n addition to the phase difference
detection pixels 231 to 234, the R pixel 241, the G pixel 242,
the G pixel 243, and the B pixel 244 1llustrated in FIG. 3 and
FIGS. 4A and 4B, the pixels (the unused pixels 411) which do

10

15

20

25

30

35

40

45

50

55

60

65

20

not generate the electrical signal are arranged. The unused
pixels 411 are indicated by gray diamond shapes in the area
410 of FIG. 8.

Similarly to the area 210, in the area 410, the rows where
the 1image generation pixels are arranged and the rows where
the phase difference detection pixels are arranged are alter-
nately disposed. However, 1n the area 410, in the rows where
the phase difference detection pixels are arranged, the
arrangement pattern of the row direction phase difference
detection pixel rows and the column direction phase differ-
ence detection pixel rows 1s different from that of the area
210. In the area 410, 1n the rows where the phase difference
detection pixels are arranged, one row of the row direction
phase difference detection pixel rows and two rows of the
column direction phase difference detection pixel rows are
alternately arranged.

In addition, the area 410 1s different from the area 210 1n
terms of the arrangement pattern of the phase difference
detection pixels 1n the rows where the phase difference detec-
tion pixels are arranged. In the row direction phase difference
detection pixel rows, the two phase difference detection pix-
cls constituting a pair and the unused pixels 411 are alter-
nately disposed in the row direction. In addition, the unused
pixels 411 which are arranged in the row direction phase
difference detection pixel rows are examples of the first pixels
disclosed 1n the embodiments of the present disclosure.

In addition, with respect to the column direction phase
difference detection pixel rows, the column direction phase
difference detection pixels are arranged only in the columns
where the unused pixels 411 are arranged 1n the row direction
phase difference detection pixel rows, and the unused pixels
411 are arranged at the other positions. In addition, in the two
consecutive rows of the column direction phase difference
detection pixel rows which are consecutive 1n the column
direction, the column direction phase difference detection
pixels are arranged so that the column direction phase difier-
ence detection pixels constituting a pair are adjacent to each
other in the column direction. In addition, the unused pixels
411 which are arranged in the column direction phase differ-
ence detection pixel rows are examples of the second pixels
disclosed 1n the embodiments of the present disclosure.

In other words, 1n the column direction of the area 410, the
phase difference detection pixels are arranged so that the row
direction phase difference detection pixels and the column
direction phase difference detection pixels are not arranged 1n
the same column. In addition, the arrangement 1s performed
so that the distance between the phase difference detection
pixels constituting a pair becomes the shortest distance in any
one of the row direction phase difference detection pixels and
the column direction phase difference detection pixels. In
addition, 1n both of the row direction phase difference detec-
tion pixels and the column direction phase difference detec-
tion pixels, 1n the direction where the phase difference 1s to
detected, one of the unused pixels 411 1s disposed between a
pair of the phase difference detection pixels and a pair of the
phase difference detection pixels. In other words, in the image
sensor 500, although the phase difference detection pixels
Constltutmg a pair are arranged 1n one row or one column, the
phase diflerence detection pixels are arranged so that the row
direction phase diflerence detection and the column direction
phase difference detection are performed 1n the same condi-
tions.
|[Example of Interconnection 1n Image Sensor]

FIG. 9 15 a schematic diagram illustrating an example of
selection lines and signal lines interconnected to the pixels 1n
the image sensor 500 according to the second embodiment of
the present disclosure.
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In FIG. 9, 1llustrated are the area 410 1llustrated in FIG. 8
and the interconnection lines (the vertical selection lines 430,
the vertical signal lines 440, the horizontal selection lines
450, and the horizontal signal lines 460) are connected to the
pixels 1n the area. In addition, 1n a front surface type image
sensor where interconnection lines are formed 1n a layer
between the microlens of the pixel and the light recerving
device, the interconnection lines are configured 1n a layout so
as to penetrate the corners of the pixels 1n order not to block
the subject light. However, in FI1G. 9, for the convenience of
description, the interconnection lines are illustrated as
straight lines.

The vertical selection lines 430 are interconnected to the
rows where the 1image generation pixels are arranged and the
rows where the row direction phase difference detection pix-
¢ls are arranged. In addition, the vertical selection lines 430
are connected to the image generation pixels and the row
direction phase difference detection pixels among the inter-
connected pixels, and the vertical selection lines 430 are not
connected to the unused pixels 411 1n the rows where the row
direction phase difference detection pixels are arranged. In
other words, the signals supplied though the vertical selection
lines 430 from the first vertical driving circuit 520 are sup-
plied to only the 1mage generation pixels and the row direc-
tion phase difference detection pixels.

The vertical signal lines 440 are interconnected to the
columns where the image generation pixels are arranged and
the columns where the row direction phase difference detec-
tion pixels are arranged. In addition, the vertical signal lines
440 are connected to the image generation pixels and the row
direction phase difference detection pixels among the inter-
connected pixels, and the vertical signal lines 440 are not
connected to the unused pixels 411. In other words, the first
horizontal driving circuit 535 and the column processing unit
531 perform output control or signal processes on the elec-
trical signals generated by the image generation pixels and the
row direction phase difference detection pixels.

The horizontal selection lines 450 are interconnected to the
columns where the column direction phase difference detec-
tion pixels are arranged. In addition, the horizontal selection
lines 450 are connected to only the column direction phase
difference detection pixels among the interconnected pixels,
and the horizontal selection lines 450 are not connected to the
unused pixels 411. In other words, the signals supplied
though the horizontal selection lines 450 from the second
horizontal driving circuit 350 are supplied to only the column
direction phase difference detection pixels.

The horizontal signal lines 460 are interconnected to the
rows where the column direction phase difference detection
pixels are arranged. In addition, the horizontal signal lines
460 are connected to only the column direction phase differ-
ence detection pixels among the iterconnected pixels, and
the horizontal signal lines 460 are not connected to the unused
pixels 411. In other words, the second vertical driving circuit
570 and the row processing unit 360 perform output control or
signal processes on the electrical signals generated by the
column direction phase difference detection pixels.

In this manner, the 1image generation pixels and the row
direction phase difference detection pixels are driven 1n units
of rows based on the signals supplied though the vertical
selection lines 430 to output the electrical signals generated
from the received subject light through the vertical signal
lines 440. In addition, the column direction phase difference
detection pixels are driven 1n units of columns based on the
signals supplied though the horizontal selection lines 450 to
output the electrical signals generated from the recerved sub-
ject light through the horizontal signal lines 460.
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In other words, 1n the 1mage sensor 500, the horizontal
selection lines 450 and the horizontal signal lines 460 are
provided, so that the reading 1n the pupil-splitting direction
(the column direction) may be performed on the column
direction phase difference detection pixels. In addition,
according to the interconnection illustrated in FIG. 9, one
selection line and one signal line are interconnected to one
pixel. In other words, 1t 1s possible to drive the column direc-
tion phase difference detection pixels 1 units of columns
while maintaining the number of interconnection lines of one
pixel to be equal to that in the 1image sensor of the related art.

In addition, since the unused pixels 411 have the same
configuration as the phase difference detection pixels (the
microlens, the light blocking layer, the light recerving device,
and the like are the same), interconnection lines are not con-
nected to the unused pixels 411, such that the electrical signal
may not be generated. However, the arrangement of the pixels
in the 1mage sensor may be configured to be uniform similarly
to FIGS. 4A and 4B. Therefore, it 1s possible to improve
image quality.

[Example of Timing 1n Image Sensor]

FIGS. 10A and 10B are timing charts illustrating one
example of operations during the period of detecting the
column direction phase difference and performing focusing
and a timing chart illustrating one example of operations
during the period of performing the same operations by using
the image sensor described with respect to the time T1 of FIG.
6 in the second embodiment of the present disclosure.

In addition, 1n FIGS. 10A and 10B, it 1s assumed that the
live view 1mage capturing and the focus adjustment (driving
of the focus lens 113) are repetitively performed 1n order to
display a live view on the display unit 182. In addition, 1n
FIGS. 10A and 10B, for the convenience of description, simi-
larly to FIG. 6, 1t 1s assumed that a pair of the images are
formed by using all the column direction phase difference
detection pixels arranged 1n the columns used for the phase
difference detection. In addition, the length of the horizontal
axis indicating the periods 1s schematically 1llustrated.

FIG. 10A illustrates a timing chart of one example of
operations during the period of detecting the column direc-
tion phase difference and performing focusing in the image
sensor described 1n association with the time T1 of FIG. 6.
The timing chart illustrates a timing (image sensor output
timing 691) of outputting the image-captured signal from the
image sensor and a (focus determination) timing (focus align-
ment determination timing 692) of calculating a focus shift
amount by detecting the phase difference. In addition, the
timing chart illustrates a timing (lens driving timing 693) of
driving the focus lens based on the focus shiit amount.

Herein, the operations during the period of detecting the
column direction phase difference and performing focusing
in the i1maging apparatus including the image sensor
described with respect to the time T1 of FIG. 6 are described.
The 1image sensor, the phase difference detection pixel rows
and the image generation pixel rows are alternately disposed.,
and a pair of the phase difference detection pixels where pupil
splitting 1s performed 1n the up-down direction are repeti-
tively arranged 1n the column direction. Therefore, as 1llus-
trated 1n association with the time T1 of FIG. 6, the pixel
signals are read from all the rows 1n the 1image sensor. With
respect to the 1image sensor output timing 691, the reading
from the 1image generation pixel rows 1s schematically indi-
cated by 1llustrating rectangles of which the inner portion 1s
white, and the reading from the phase difference detection
pixel rows 1s schematically indicated by rectangles with mesh
patterns attached therein 1n the inner portion thereof. In other
words, FIG. 6A 1illustrates the output timing by allowing
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rectangles of which the inner portion 1s white and rectangles
with mesh patterns attached therein to be alternately contin-
ued and indicates that the reading from the phase difference
detection pixel rows and the reading from the 1image genera-
tion pixel rows are alternately performed. In addition, FIG.
6 A 1illustrates the timing of reading signals of pixels in the
(N-1)-th and N-th live view 1image capturing periods.

If the signal reading from the pixels 1n the 1image sensor 1s
finished, a pair of the images 1s formed based on the signals of
the phase difference detection pixels 1n the longitudinal direc-
tion, and the focus alignment determination for calculating,
the focus shift amount 1s performed. The focus alignment
determination 1s performed after the reading of all the phase
difference detection pixel rows necessary to generate the
signals for forming a pair of the images 1s finished. In other
words, 1n the case of forming a pair of the 1mages by using all
the column direction phase difference detection pixels
arranged 1n the columns used for the phase difference detec-
tion, the forming of a pair of the images 1s performed after the
signal reading of the pixels 1n the 1mage sensor 1s entirely
finished. With respect to the focus alignment determination
timing 692, the timing of the focus alignment determination 1s
indicated by a hatched rectangle.

If the focus alignment determination 1s finished, the focus
lens 1s driven based on the calculated focus shift amount. With
respect to the lens driving timing 693, the dniving timing of
the lens 1s indicated by a small-dotted rectangle.

In other words, 1n the case illustrated in FIG. 10A, since all
the phase difference detection pixel rows as well as all the
image generation pixel rows are necessarily read in order to
detect the column direction phase difference, the time of the
reading from the 1image sensor 1s increased. In addition, since
the focus alignment determination 1s performed necessarily
alter the reading of the phase difference detection pixel rows
1s finished, 11 the reading from the image sensor 1s not entirely
finished, the focus alignment determination may not be per-
tormed. Therefore, 1n the case of detecting the column direc-
tion phase difference, the frame rate 1s decreased 1n compari-
son with the case of detecting the phase difference 1n the row
direction.

FIG. 10B 1illustrates a timing chart of one example of
operations during the period of detecting the column direc-
tion phase difference and performing focusing in the image
sensor 500 according to the second embodiment of the
present disclosure. The timing chart illustrates a timing (1m-
age generation pixel/row direction phase diflerence detection
pixel output timing 610) of outputting an 1mage-captured
signal from the image generation pixels and the row direction
phase difference detection pixels. In addition, the timing chart
illustrates a timing (column direction phase difference detec-
tion pixel output timing 620) of outputting an 1image-captured
signal from the column direction phase difference detection
pixels, a focus alignment determination timing (focus align-
ment determination timing 630), and a lens driving timing,
(lens driving timing 640).

In addition, in FIG. 10B, the time taken to perform the
focus alignment determination 1s set to be equal to that of
FIG. 10A. In addition, the time taken to drive the lens 1s also
set to be equal to that of FIG. 10A.

Herein, the operations during the period of detecting the
column direction phase difference and performing focusing
in the 1maging apparatus according to the second embodi-
ment of the present disclosure are described. In the image
sensor 500, the signal reading from the image generation
pixels 1s performed by the first vertical driving circuit 520, the
column processing unit 531, and the first horizontal driving
circuit 5335. On the other hand, the signal reading from the
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column direction phase difference detection pixels 1s per-
formed by the second horizontal driving circuit 350, the row
processing unit 560, and the second vertical driving circuit
570. In other words, the signal reading from the image gen-
eration pixels and the signal reading from the column direc-
tion phase difference detection pixels may be simultaneously
performed. With respect to the image generation pixel/row
direction phase difference detection pixel output timing 610,
the continuous reading from the image generation pixel rows
1s indicated by rectangles of which the inner portion 1s whate.
In addition, with respect to the column direction phase dii-
ference detection pixel output timing 620, in the case where
the reading from the column direction phase difference detec-
tion pixels 1s started at the same time as the start of the reading
from the 1mage generation pixel rows, so that the reading 1s
finished 1n a short time, the timing thereof i1s indicated by
rectangles with a large number of fine dots added thereto.

I1 the pixel signal reading from the column direction phase
difference detection pixels 1s fimished, a pair of the images are
formed based on the read signals, and the focus alignment
determination for calculating the focus shift amount 1s per-
formed. In other words, 1n the imaging apparatus according to
the second embodiment of the present disclosure, the focus
alignment determination may be started before the signal
reading of the image generation pixels 1s finished. In addition,
since the focus alignment determination 1s finished 1n a
shorter time than the signal reading of the 1image generation
pixels, the focus alignment determination 1s finished before
the signal reading of the 1mage generation pixels 1s finished.
With respect to the focus alignment determination timing
630, the timing of the focus alignment determination 1s 1ndi-
cated by a hatched rectangle.

If the signal reading of the image generation pixels 1s
finished, the focus lens 1s driven based on the calculated focus
shift amount. In the case illustrated in FIG. 10B, since the
focus alignment determination 1s finished before the signal
reading of the image generation pixels 1s finished, the focus
lens may be driven just after the signal reading of the image
generation pixels 1s finished. With respect to the lens driving
timing 693, the driving timing of the lens 1s indicated by a
small-dotted rectangle.

In this manner, in the second embodiment of the present
disclosure, in the case of detecting the column direction phase
difference, 1t 1s possible to reduce the time taken to perform
the signal reading of the image generation pixels. In addition,
the pixel signal reading from the column direction phase
difference detection pixels may be finished 1n a short time 1n
the middle of the reading of the image generation pixels, so
that 1t 1s possible to perform the focus alignment determina-
tion 1n the middle of the signal reading of the 1mage genera-
tion pixels. In addition, since the focus alignment determina-
tion 1s finished 1in the middle of the signal reading of the 1image
generation pixels, the driving of the lens may be started just
alter the signal reading of the image generation pixels 1s
finished.

Therefore, 1n the second embodiment of the present dis-
closure, 1n the 1maging device having the 1image generation
pixels and the phase difference detection pixels, in the case of
detecting the column direction phase difference, 1t 1s possible
to improve the reading speed. In other words, 1n the case of
detecting the column direction phase difference, 1t 1s possible
to improve a frame rate.
<3. Modified Example>

In the first and second embodiment of the present disclo-
sure, the example where the pixel has a shape of a square
having a shape which 1s rotated by 45° with respect to the X
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axis direction 1s described. However, the present disclosure 1s
not limited thereto, and 1t may also be applied to pixels having
various shapes.

Therelfore, an example where the pixel has a shape of an
octagon will be described with reference to FIG. 11.
|Example of Interconnection in Image Sensor]

FIG. 11 1s a schematic diagram illustrating an example
where the pixel has a shape of an octagon according to a
modified example of the second embodiment of the present
disclosure.

In FIG. 11, 1llustrated 1s an area (area 710) 1n a portion of
the 1mage sensor including the pixels having a shape of an
octagon 1nstead of the pixels having a shape of a 45°-rotated
square 1llustrated 1n FIG. 9. In addition, the area 710 1llus-
trated 1 FIG. 11 corresponds to the area 410 1llustrated in
FIG. 9.

As 1llustrated 1n FIG. 11, even 1n the case where pixels
other than the pixels having a shape of a 45°-rotated square
are arranged, the phase difference detection pixels may be
arranged similarly to the embodiments of the present disclo-
sure. In other words, the embodiments of the present disclo-
sure may be applied irrespective of the shape of the pixel.

In this manner, according to the embodiment of the present
disclosure, 1n the imaging device having the image generation
pixels and the phase difference detection pixels, 1t 1s possible
to improve the reading speed in the case of detecting the
column direction phase difference (the column direction
phase difference detection process). Therefore, 1n the case of
capturing live view 1image-s while adjusting focus by detect-
ing the column direction phase difference, 1t 1s possible to
improve the frame rate.

In addition, 1n the embodiment of the present disclosure,
the description 1s made under the assumption that the color
filters included in the 1image generation pixels are color filters
of three primary colors (RGB), but the present disclosure 1s
not limited thereto. For example, even 1n the case where color
filters ol complementary colors are included in the image
generation pixels, this may be applied similarly to the present
disclosure. In addition, even in the case where pixels (for
example, an imaging device where pixels for blue, pixels for
green, and pixels for red are arranged 1n a stack 1n the optical
axis direction) which detect all light having a wavelength 1n
the visible light band by an area of one pixel are the 1image
generation pixels, the embodiments of the present disclosure
may be similarly applied thereto.

In addition, 1n the embodiment of the present disclosure,
the description 1s made under the assumption that the phase
difference detection pixel receives one of the two pupil-split
light beams the present disclosure 1s not limited thereto. For
example, even in the case where two light receiving devices
are provided and the phase difference detection pixels are
arranged so that the pupil-split light beams may be separately
received by the light recerving devices, the embodiments of
the present disclosure may be applied thereto. Accordingly, 1t
1s possible to improve the read speed with respect to the image
SENnsor.

In addition, 1n the second embodiment of the present dis-
closure, the description 1s made on the example where one
selection line and one signal line are interconnected to one
pixel, the present disclosure 1s not limited thereto. In the case
where no problem occurs when a plurality of the selection
lines and a plurality of the signal lines are interconnected
thereto, a plurality of the lines may be interconnected. For
example, 1n the case of a rear surface type image sensor where
an 1interconnection layer 1s disposed at the rear side of a light
receiving device (the side opposite to the light incidence
side), 1t 1s considered that an increase 1n the number of 1nter-
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connection lines 1n the phase difference detection pixel rows
does not 1nfluence the reception of the subject light. In this
case, two selection lines and two signal lines are intercon-
nected to the row and the column of the phase difference
detection pixels, so that the unused pixels 411 1illustrated 1n
FIGS. 8 and 9 may be used as the row direction phase differ-
ence detection pixels or the column direction phase difference
detection pixels.

For example, 1t may be considered that the unused pixels
411 1n the column of the row direction phase difference detec-
tion pixels 1llustrated 1n FIG. 9 are used as the row direction
phase difference detection pixels and the vertical selection
lines 430 and the vertical signal lines 440 are connected
thereto. In addition, 1t may also be considered that the pixel
arrangement of the phase difference detection pixels 1llus-
trated 1n FIG. 3 1s used, the vertical selection lines 430 and the
vertical signal lines 440 are connected to the row direction
phase difference detection pixels, and the horizontal selection
lines 450 and the horizontal signal lines 460 are connected to
the column direction phase diflerence detection pixels.

In addition, the embodiments of the present disclosure are
examples for embodying the present disclosure, and as clari-
fied 1n the embodiments of the present disclosure, and matters
in the embodiments of the present disclosure have a corre-
sponding relationship with specific matters 1n the embodi-
ment of the present disclosure. Similarly, specific matters in
the embodiment of the present disclosure and matters in the
embodiments of the present disclosure denoted by the same
names have a corresponding relationship with each other.
However, the present disclosure 1s not limited to the embodi-
ments, and various modifications of the embodiments may be
embodied in the scope of the present disclosure without
departing from the spirit of the present disclosure.

In addition, the process procedures described in the
embodiments of the present disclosure may be regarded as a
method having a series of procedures, or regarded as a pro-
gram for allowing a computer to execute a series of proce-
dures or arecording medium which stores the program. As the
recording medium, for example, a CD (Compact Disc), an
MD (Min1 Disc), a DVD (Dagital Versatile Disc), a memory
card, a Blu-ray Disc (registered trade mark), or the like may
be used.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2010-275201 filed 1n the Japan Patent Office on Dec. 10,
2010, the entire contents of which are hereby incorporated by
reference.

What 1s claimed 1s:

1. An imaging apparatus comprising:

one or more processors operable to:

generate an 1image based on signals generated by a plu-
rality of 1image generation pixels; and
perform focus alignment based on signals generated by
a plurality of phase difference detection pixels;
wherein the plurality of image generation pixels are
arranged 1n a first direction to define first lines of
image generation pixels and the plurality of phase
difference detection pixels are arranged 1n the first
direction to define second lines of phase difference
detection pixels,
wherein the first lines ol image generation pixels and the
second lines of phase difference detection pixels are
alternately arranged 1n a second direction perpendicu-
lar to the first direction,
wherein the first lines and the second lines adjacent to
the first lines overlap each other by portions thereof 1n
the second direction, and
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wherein the second lines comprise third lines of phase
difference detection pixels each operable to receive
pupil split light 1n the first direction and fourth lines of
phase difference detection pixels each operable to
recetve pupil split light 1n the second direction,

wherein the third lines of phase difference detection
pixels and the fourth lines of phase difference detec-
tion pixels are alternately arranged in the second
direction.

2. The imaging apparatus according to claim 1, wherein in
the first lines of 1mage generation pixels and the second lines
of phase difference detection pixels adjacent to the first lines
of 1mage generation pixels are alternately arranged in the
second direction to overlap each other by half a pixel.

3. Theimaging apparatus according to claim 1, wherein the
plurality of image generation pixels and the plurality of phase
difference detection pixels are arranged in a tilted pixel
arrangement.

4. The imaging apparatus according to claim 1, wherein the
first direction 1s a reading direction when the signals gener-
ated by the plurality of phase difference detection pixels and
the plurality of 1image generation pixels are read from the
plurality of phase difference detection pixels and the plurality
of 1mage generation pixels.

5. The imaging apparatus according to claim 4, wherein the
third lines of phase difference detection pixels comprise a
plurality of pairs of first direction phase difference detection
pixels operable to receive a pair of subject light beams pupil-
split 1n the first direction, each of the pairs of first direction
phase difference detection pixels arranged 1n the first direc-
tion to be adjacent to each other, and

wherein the fourth lines of phase difference detection pix-

cls comprise a plurality of pairs of second direction
phase difference detection pixels operable to receive a
pair of subject light beams pupil-split 1n the second
direction, each of the pairs of second direction phase
difference detection pixels arranged 1n the first direction
to be adjacent to each other.

6. The imaging apparatus according to claim 1, wherein the
first direction 1s a reading direction when the signals gener-
ated by the first direction phase difference detection pixels
and the signals generated by the 1mage generation pixels are
read from the first direction phase difference detection pixels
and the 1mage generation pixels, and

wherein the second direction 1s a reading direction when

the signals generated by the second direction phase dii-
ference detection pixels are read from the second direc-
tion phase difference detection pixels.

7. The 1imaging apparatus according to claim 6, wherein the
third lines of phase difference detection pixels comprise a
plurality of pairs of the first direction phase difierence detec-
tion pixels operable to recerve a pair of subject light beams
pupil-split 1n the first direction, each of the pairs of first
direction phase difference detection pixels arranged 1n the
first direction to be adjacent to each other, and a plurality of
pairs of the first direction phase difference detection pixels
are repetitively arranged interposing a first pixel which 1s not
used for the first direction phase difference detection, and

wherein the fourth lines of phase difference detection pix-

cls comprise, the second direction phase difference
detection pixels arranged at positions perpendicular to
the position where the first pixel 1s arranged, and second
pixels which are not used for the second direction phase
difference detection arranged at positions other than
positions perpendicular to the position where the first
pixel 1s arranged.
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8. The imaging apparatus according to claim 7, wherein the
third lines of phase difference detection pixels comprise the
first direction phase difference detection pixels arranged 1n
one row, and

wherein the fourth lines of phase difference detection pix-
cls comprise the second direction phase difference
detection pixels arranged 1n two rows, and 1n the fourth
lines arranged in the two rows, a pair of the second
direction phase difference detection pixels operable to
receive a pair ol the subject light beams pupil-split in the
second direction are arranged in the second direction to
be adjacent to each other.

9. The imaging apparatus according to claim 1, further

comprising:

first signal lines which are interconnected in the second
direction at the positions where the first direction phase
difference detection pixels and the plurality of image
generation pixels are arranged 1n order to sequentially
transmit signals generated by the first direction phase
difference detection pixels and the plurality of image
generation pixels and which are connected to the spe-
cific direction phase difference detection pixels and the
image generation pixels;

first selection lines which are interconnected 1n the first
direction to the first lines of image generation pixels and
the third lines of phase difference detection pixels 1n
order to select the rows which sequentially transmit
signals generated by the first direction phase difference
detection pixels and the plurality of image generation
pixels and which are connected to the specific direction
phase difference detection pixels and the image genera-
tion pixels;

second signal lines which are interconnected 1n the first
direction to the fourth lines of phase difference detection
pixels to sequentially transmit the signals generated by
the second direction phase difference detection pixels
and which are connected to the perpendicular direction
phase difference detection pixels; and

second selection lines which are interconnected 1n the sec-
ond direction at the positions where the second direction
phase difference detection pixels are arranged to select
the second direction position where the signals gener-
ated by the perpendicular direction phase difference
detection pixels are sequentially transmitted and which
are connected to the second direction phase difference
detection pixels.

10. The imaging apparatus according to claim 9, further

comprising;

a first driving unit operable to drive the first direction phase
difference detection pixels and the plurality of image
generation pixels through the first selection lines;

a first signal processing unit operable to performs a signal
process on the signals generated by the first direction
phase difference detection pixels and the plurality of
image generation pixels transmitted by the first signal
lines;

a second driving unit operable to drive the second direction
phase difference detection pixels through the second
selection lines; and

a second signal processing unit operable to perform a sig-
nal process on the signals generated by the second direc-
tion phase difference detection pixels transmitted by the
second signal lines.

11. A method for imaging comprising;:

in an 1imaging device comprising a pixel array unait:
generating an 1mage based on signals generated by a

plurality of image generation pixels; and
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performing focus alignment based on signals generated
by a plurality of phase difference detection pixels;

wherein the plurality of 1image generation pixels are
arranged 1n a first direction to define first lines of

30

wherein second pixels which are not used for the
second direction phase difference detection are
arranged at positions other than positions perpendicu-
lar to the position where the first pixel 1s arranged.

image generation pixels and the plurality of phase 5 13. The imaging apparatus according to claim 11, further
difference detection pixels are arranged 1n a second comprising;
direction perpendicular to the first direction to define first signal lines which are interconnected 1n the second
second lines of phase difference detection pixels, direction at the positions where the first direction phase
wherein the first lines of 1image generation pixels and difference detection pixels and the plurality of image
the second lines of phase difference detection pixels 10 generation pixels are arranged 1n order to sequentially
are alternately arranged in the second direction; transmit signals generated by the first direction phase
wherein the second lines comprise third lines of phase difference detection pixels and the plurality of image
difference detection pixels operable to receive pupil generation pixels and which are connected to the spe-
split hght in the first direction and fourth lines of cific direction phase difference detection pixels and the
phase difference detection pixels operable to receive 15 image generation pixels;
pupil split light 1n the second direction, first selection lines which are interconnected 1n the first
wherein the third lines of phase difference detection direction to the first lines of image generation pixels and
pixels and the fourth lines of phase difference detec- the third lines of phase difference detection pixels in
tion pixels are alternately arranged in the second order to select the rows which sequentially transmuit
direction, and wherein the first direction 1s a reading 20 signals generated by the first direction phase difference

direction when the signals generated by the plurality
of phase difference detection pixels and the plurality
of image generation pixels are read from the plurality
of phase difference detection pixels and the plurality

detection pixels and the plurality of image generation
pixels and which are connected to the specific direction
phase difference detection pixels and the image genera-
tion pixels;

second signal lines which are interconnected 1n the first
direction the fourth lines of phase difference detection
pixels to sequentially transmit the signals generated by

of 1mage generation pixels. 25
12. An 1imaging apparatus comprising;:
one or more processors operable to:

generate an image based on signals generated a plurality
of 1mage generation pixels; and

perform focus alignment based on signals generated by
a plurality of phase diflerence detection pixels;

wherein the plurality of 1mage generation pixels are
arranged 1n a first direction to define first lines of
image generation pixels and the plurality of phase

30

the second direction phase difierence detection pixels
and which are connected to the perpendicular direction
phase difference detection pixels; and

second selection lines which are interconnected 1n the sec-

ond direction at the positions where the second direction
phase difference detection pixels are arranged to select
the second direction position where the signals gener-

ated by the perpendicular direction phase difference
detection pixels are sequentially transmitted and which
are connected to the second direction phase difference
detection pixels.

14. The imaging apparatus according to claim 11, further

40 comprising;

a first driving unit operable to drive the first direction phase
difference detection pixels and the plurality of 1image
generation pixels through the first selection lines;

a {irst signal processing unit operable to perform a signal
process on the signals generated by the first direction
phase difference detection pixels and the plurality of
image generation pixels transmitted by the first signal
lines;

a second driving unit operable to drive the second direction
phase difference detection pixels through the second
selection lines; and

a second signal processing unit operable to perform a sig-
nal process on the signals generated by the second direc-
tion phase difference detection pixels transmitted by the

difference detection pixels are arranged in the first 35
direction to define second lines of phase difference
detection pixels,

wherein the first lines of image generation pixels and the
second lines of phase difference detection pixels are
alternately arranged 1n a second direction perpendicu-
lar to the first direction,

wherein the first lines and the second lines adjacent to

the first lines overlap each other by portions thereof 1n

the second direction, and

wherein the second lines comprise third lines of phase 45
difference detection pixels operable to receive pupil
split llght in the first direction and fourth lines of
phase diflerence detection pixels operable to receive
pupil split light 1n the second direction,

wherein the third lines of phase difference detection 50
pixels and the fourth lines of phase difference detec-
tion pixels are alternately arranged in the second
direction,

wherein the third lines of phase difference detection
pixels comprise a plurality of pairs of first direction 55 second signal lines.
phase diflerence detection pixels operable to receive a 15. The imaging apparatus according to claim 12, wherein
pair of subject light beams pupil-split in the first direc- the third lines of phase difference detection pixels comprise
tion, each of the pairs of first direction phase differ- the first direction phase difference detection pixels arranged
ence detection pixels arranged in the first direction, in one row, and
and wherein the plurality of pairs of the first direction 60 wherein the fourth lines of phase difference detection pix-
phase difference detection pixels are repetitively cls comprise the second direction phase difference
arranged iterposing a first pixel which 1s not used for detection pixels arranged 1n two rows, and 1n the fourth
the first direction phase difference detection, and lines arranged in the two rows, a pair of the second

wherein the fourth lines of phase difference detection direction phase difference detection pixels operable to
pixels comprise second direction phase difference 65 receive a pair ol the subject light beams pupil-split in the
detection pixels arranged at positions perpendicular second direction are arranged in the second direction to

be adjacent to each other.

to the position where the first pixel 1s arranged, and
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16. The imaging apparatus according to claim 12, wherein
in the first lines of 1mage generation pixels and the second
lines of phase difference detection pixels adjacent to the first
lines are alternately arranged 1n the second direction to over-
lap each other by half a pixel. 5

17. The imaging apparatus according to claim 12, wherein
the plurality of 1image generation pixels and the plurality of
phase difference detection pixels are arranged 1n a tilted pixel
arrangement.
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